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Abstract 
The mineral brianyoungite, a carbonate-sulphate of zinc,  has been studied by scanning 
electron microscopy (SEM) with chemical analysis using energy dispersive spectroscopy 
(EDX)  and Raman and infrared spectroscopy. Multiple carbonate stretching modes are 
observed and support the concept of non-equivalent carbonate units in the brianyoungite 
structure. Intense Raman band at 1056 cm-1 with shoulder band at 1038 cm-1 is assigned to 
the CO32- ν1 symmetric stretching mode.  Two intense Raman bands at 973 and 984 cm-1 are 
assigned to the symmetric stretching modes of the SO42- anion. The observation of two bands 
supports the concept of the non-equivalence of sulphate units in the brianyoungite structure. 
Raman bands at 704 and 736 cm-1 are assigned to the CO32- ν4 bending modes and Raman 
bands at 507, 528, 609 and 638 cm-1 are assigned to the CO32- ν2 bending modes. Multiple 
Raman and infrared bands in the OH stretching region are observed, proving the existence of 
water and hydroxyl units in different molecular environments in the structure of 
brianyoungite. Vibrational spectroscopy enhances our knowledge of the molecular structure 
of brianyoungite. 
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Introduction 
Brianyoungite is a secondary zinc mineral of idealised formula Zn3(CO3,SO4)(OH)4. The 
international mineralogical association classifies the mineral as a carbonate with formula 
Zn3(CO3)(OH)4. However, some sulphate units occupy the carbonate positions in the ratio of 
about 1:3. So the formula may be written as Zn3(CO3,SO4)(OH)4. Brianyoungite is similar in 
appearance to hydrozincite [1-3]. Gaines et al. classifies the mineral as a compound 
carbonate.  
 
Brianyoungite occurs as tiny whitish rosettes less than 100 μm and is composed of thin 
blades just one or two micrometers across, elongated parallel to the b crystal axis.  The 
mineral belongs to the monoclinic crystal system with β ~ 90°. It is presumed the structure is 
similar to that of hydrozincite and the space group is thought to be P21/m, P21 or P2221. 
There are four formula units per unit cell and the lengths of the unit cell are a = 15.724 Å, b = 
6.256 Å and c = 5.427 Å. 
 
As part of our comprehensive research into minerals containing oxyanions, we report the 
SEM with EDX and vibrational spectroscopy of brianyoungite and relate the spectra to the 
structure of the mineral. 
 
Experimental 
Samples description and preparation 
The brianyoungite sample studied in this work is from Esperanza Mine, Laurion District, 
Attikí Prefecture, Greece. The sample is part of the collection of the Geology Department of 
the Federal University of Ouro Preto, Minas Gerais, Brazil, with sample code SAD-054. 
Brianyoungite sample was gently crushed and the associated minerals were removed under a 
stereomicroscope Zeiss Stemi DV4 from the Museu de Ciência e Técnica of the Federal 
University of Ouro Preto. Qualitative and semiquantitative chemical analysis via SEM/EDS 
were applied to the mineral characterization.   
 
Scanning electron microscopy (SEM) 
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Experiments and analyses involving electron microscopy were performed in the NanoLab, 
REDEMAT, School of Mines, Universidade Federal de Ouro Preto, Ouro Preto, Minas 
Gerais, Brazil. Brianyoungite crystals were coated with a 5nm layer of evaporated gold. 
Secondary Electron and Backscattering Electron images were obtained using a TESCAN 
VEGA 3 equipment. Qualitative and semi-quantitative chemical analyses in the EDS mode 
were performed with an Oxford spectrometer and were applied to support the mineral 
characterization. 
 
Raman microprobe spectroscopy 
Crystals of brianyoungite were placed on a polished metal surface on the stage of an 
Olympus BHSM microscope, which is equipped with 10x, 20x, and 50x objectives. The 
microscope is part of a Renishaw 1000 Raman microscope system, which also includes a 
monochromator, a filter system and a CCD detector (1024 pixels). The Raman spectra were 
excited by a Spectra-Physics model 127 He-Ne laser producing highly polarized light at 633 
nm and collected at a nominal resolution of 2 cm-1 and a precision of ± 1 cm-1 in the range 
between 200 and 4000 cm-1. Repeated acquisitions on the crystals using the highest 
magnification (50x) were accumulated to improve the signal to noise ratio of the spectra. 
Raman Spectra were calibrated using the 520.5 cm-1 line of a silicon wafer.  The Raman 
spectrum of at least 10 crystals was collected to ensure the consistency of the spectra.  
 
An image of the brianyoungite crystals measured is shown in the supplementary information 
as Figure S1.  Clearly the crystals of brianyoungite are readily observed, making the Raman 
spectroscopic measurements readily obtainable. 
 
Infrared spectroscopy 
Infrared spectra of brianyoungite were obtained using a Nicolet Nexus 870 FTIR 
spectrometer with a smart endurance single bounce diamond ATR cell. Spectra over the 
4000−525 cm-1 range were obtained by the co-addition of 128 scans with a resolution of 4 
cm-1 and a mirror velocity of 0.6329 cm/s. Spectra were co-added to improve the signal to 
noise ratio.   
 
Spectral manipulation such as baseline correction/adjustment and smoothing were performed 
using the Spectracalc software package GRAMS (Galactic Industries Corporation, NH, 
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USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ software package 
that enabled the type of fitting function to be selected and allows specific parameters to be 
fixed or varied accordingly. Band fitting was done using a Lorentzian-Gaussian cross-product 
function with the minimum number of component bands used for the fitting process. The 
Lorentzian-Gaussian ratio was maintained at values greater than 0.7 and fitting was 
undertaken until reproducible results were obtained with squared correlations of r2 greater 
than 0.995. 
 
Results and discussion 
Chemical characterization 
The SEM image of brianyoungite sample studied in this work is shown in Figure 1. The 
image shows a crystal aggregate up to 0.1 mm, with individual crystals up to 0.01 mm and 
platy habitus. The chemical analysis is provided in Figure 2.  The chemical composition of 
the measured mineral sample shows the presence of C, Zn and S. Minor amounts of Fe, Cu, 
K and Na were also observed.  A posible composition is (Zn,Fe)3(CO3,SO4)(OH)4.  
 
Vibrational  spectroscopy 
Spectroscopy of carbonate anion 
It  is important to understand the vibrational spectroscopy of the carbonate anion in different 
molecular environments. The authors have published a significant number of papers on the 
spectroscopy of minerals contaiuning the carbonate anion [4-10]. Nakamoto et al. first 
published and tabulated the selection rules for unidenate and bidentate anions including the 
carbonate anion [11,12]. The free ion, CO32- with D3h symmetry exhibits four normal 
vibrational modes; a symmetric stretching vibration (ν1), an out-of-plane bend (ν2), a doubly 
degenerate asymmetric stretch (ν3) and another doubly degenerate bending mode (ν4). The 
symmetries of these modes are A1´ (R) + A2´´ (IR) + E´ (R, IR) + E´´ (R, IR) and occur at 
1063, 879, 1415 and 680 cm-1 respectively. As the carbonate groups become distorted from 
regular planar symmetry, this mode splits into two components [12]. Infrared and Raman 
spectroscopy provide sensitive test for structural distortion of CO32.  Generally, strong Raman 
modes appear around 1100 cm-1 due to the symmetric stretching vibration (ν1), of the 
carbonate groups, while intense IR and weak Raman peaks near 1400 cm-1 are due to the 
antisymmetric stretching mode (ν3). Infrared modes near 800 cm-1 are derived from the out-
of-plane bend (ν2). Infrared and Raman modes around 700 cm-1 region are due to the in-plane 
bending mode (ν4). This mode is doubly degenerate for undistorted CO32- groups [12].  
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Vibrational spectroscopy of brianyoungite 
The Raman spectrum of brianyoungite in the 100 to 4000 cm-1 spectral range is displayed in 
Figure 3a. This spectrum shows the position and relative intensities of the Raman bands. It is 
noted that there are large parts of the spectrum where no intensity or minimal intensity is 
observed. Thus, the spectrum is subdivided into subsections depending upon the type of 
vibration being studied. The infrared spectrum of brianyoungite in the 500 to 4000 cm-1 
spectral region is shown in Figure 3b. This figure shows the position of the infrared bands 
and their relative intensities. As for the Raman spectrum, there are parts of the spectrum 
where little or no intensity is observed.  
 
The Raman spectrum of brianyoungite over the 900 to 1250 cm-1 spectral range is reported in 
Figure 4a. An intense Raman band at 1056 cm-1 with shoulder bands at 1038 and 1086 cm-1 is 
assigned to the CO32- ν1 symmetric stretching mode [3,4]. Thus, there appears to be bands 
attributable to more than one symmetric stretching modes of the carbonate anion [7-9].  One 
interpretation of this fact is that there are distinct non-equivalent carbonate units in the 
structure of brianyoungite.  This means that not all the carbonate units are the same. The two 
carbonate units behave differently in the structure. Two broad very low intensity Raman 
bands at 1086, 1127 and 1163 cm-1 are attributed to the CO32- ν3 antisymmetric stretching 
mode. Another possibility is that these bands are due to SO42- ν3 antisymmetric stretching 
modes. Raman bands are found at 973 and 984 cm-1 and are assigned to the SO42- ν1 
symmetric stretching modes. Thus, there appears to be bands attributable to more than one 
symmetric stretching mode of the sulphate anion, thus indicating that there are two non-
equivalent sulphate units in the structure of brianyoungite. This means that all the sulphate 
anions are not equivalent and occupy different positions in the brianyoungite structure. Such 
a hypothesis is important as no X-ray data can be obtained.  
 
 
The infrared spectrum of brianyoungite over the 650 to 1150 cm-1 spectral range is shown in 
Figure 4b. The broadish infrared band at 987 cm-1 is attributed to the SO42- ν1 symmetric 
stretching mode. The infrared bands at 1027, 1053, 1082 and 1112 cm-1 are associated with 
CO32-   stretching vibrations.  A strong infrared band is observed at 1160 cm-1. A series of 
infrared bands are observed at 1238, 1260, 1284, 1305 and 1315 cm-1. The infrared bands at 
894 and 933 cm-1 are ascribed to the hydroxyl deformation modes.  The infrared bands at 707 
6 
 
and 721 cm-1 are assigned to the CO32- ν2 bending modes. The Raman spectrum of 
brianyoungite over the 300 to 800 cm-1 spectral range is reported in Figure 5a.  The two 
Raman bands at 704 and 736 cm-1 are assigned to the CO32- ν2 bending modes. These bands 
are the Raman equivalent of the infrared bands at 707 and 721 cm-1.The series of Raman 
bands at 507, 528, 609 and 638 cm-1 are assigned to the CO32- ν2 bending modes.  These 
bands may also be assigned to the ν4 (SO4)2- bending modes. The series of Raman bands at 
423, 433, 451 and 475 cm-1 are assigned to the ν2 (SO4)2- bending modes [6-8]. Strong 
Raman bands at 347, 367 and 378 cm-1 are due to ZnO stretching bands. In the Raman 
spectrum (Figure 5b), the low intensity bands are attributed to lattice vibrational modes.   
 
The Raman spectrum of brianyoungite over the 2800 to 3800 cm-1 spectral range is shown in 
Figure 6a. The Raman spectrum shows complexity.  The broad Raman bands at 3297, 3400 
and 3518 cm-1 are assigned to water stretching vibrations.  The sharp Raman bands at 3531, 
3554, 3564, 3571, 3615, 3631 and 3669 cm-1 are assigned to the stretching vibrations of OH 
units. The observation of bands in the OH stretching region brings into question the actual 
formula of brianyoungite. The Raman spectrum in this spectral region shows the presence of 
water and OH units in the structure of brianyoungite. These observations are confirmed by 
the bands in the OH stretching region in the infrared spectrum. It becomes a question of 
whether water should be included in the formula of brianyoungite. The series of Raman 
bands at 2851, 2880, 2910 and 2938 cm-1 are ascribed to organic impurities. The authors have 
not attempted to determine the nature of these organic impurities. Suffice to say, that in the 
past mineral samples in museums were often coated with a lacquer or type of varnish in order 
to preserve the mineral. It is likely that the organic impurities are surface coatings on the 
mineral.  
 
The infrared spectrum of brianyoungite over the 2600 to 3800 cm-1 spectral range is shown in 
Figure 6b.  Infrared bands are resolved at 3077, 3181, 3282 and 3419 cm-1. These bands are 
attributed to water stretching vibrations. It is noted that no bands which might be attributed to 
OH stretching vibrations are found in the infrared spectrum as is observed in the Raman 
spectrum. The infrared bands at 2851, 2895, 2921 and 2958 cm-1 are assigned to the 
stretching vibrations of organic impurities.  
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The Raman spectrum of brianyoungite over the 1250 to 1600 cm-1 spectral range is shown in 
Figure 7a. Raman bands are observed at 1298, 1367, 1388, 1440 and 1457 cm-1. These bands 
are assigned to the CO32- ν3 antisymmetric stretching modes. Intense Raman band is also 
noted at 1550 cm-1. The infrared spectrum of brianyoungite over the 1350 to 1800 cm-1 
spectral range is shown in Figure 7b.  Infrared bands are found at 1627, 1650, 1676, 1710 and 
1739 cm-1.  These bands may be assigned to the bending modes of water. The observation of 
multiple bands in this spectral region is in harmony with the multiple Raman bands found in 
the OH stretching region.  The series of Raman bands between 1350 and 1575 cm-1 are 
attributed to the CO32- ν3 antisymmetric stretching modes.  The observation of multiple bands 
offers credence to the concept that the carbonate units are not equivalent in the structure of 
brianyoungite.  
 
 
Conclusions 
We have undertaken a study of the mineral brianyoungite using a combination of SEM, EDX 
and Raman and infrared spectroscopy. 
 
Brianyoungite may be considered to be a derivative of hydrozincite in which some carbonate 
units are replaced by sulphate units. In this work, the mineral brianyoungite was analysed 
using a combination of SEM with EDX and vibrational spectroscopy. EDX analysis shows 
the presence of Zn, C and S. A probable formula from the EDX  analysis is 
Zn3(CO3,SO4)(OH)4.  EDX detects the presence of Fe, Na and K. It might be expected that 
some substitution of Zn by Fe2+ may occur.  
 
Raman and infrared bands are attributed to the symmetric and antisymmetric stretching 
modes and bending modes of the CO32- and SO42- units. The ratio of carbonate to sulphate is 
around 3:1, thus the carbonate bands dominate the spectrum of brianyoungite. The mineral 
brianyoungite is characterised by multiple CO32-  and SO42- stretching and bending modes, 
giving credence to the existence of more than one non-equivalent carbonate and sulphate 
units in the brianyoungite structure.  The Raman and infrared spectrum of brianyoungite in 
the water and OH stretching and water bending region show multiple bands, thus, providing 
evidence for the existence of water in the structure of brianyoungite in different molecular 
environments with different hydrogen bond strengths.  
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Figure 1 - Backscattered electron image (BSI) of a brianyoungite crystal aggregate up to 
0.1 mm in length.  
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Figure 2 - EDX analysis of brianyoungite. 
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Figure 3 (a) Raman spectrum of brianyoungite over 
the 100 to 4000 cm-1 spectral range (upper spectrum) 
(b) Infrared spectrum of brianyoungite over the 500 
to 4000 cm-1 spectral range (lower spectrum) 
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Figure 4a Raman spectrum of brianyoungite (upper 
spectrum) in the 950 to 1150  cm-1 spectral range and 
Figure 4b infrared spectrum of brianyoungite (lower 
spectrum) in the 650 to 1150  cm-1 spectral range 
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Figure 5a Raman spectrum of brianyoungite (upper 
spectrum) in the 350 to 600  cm-1 spectral range and 
Figure 5b Raman spectrum of brianyoungite (lower 
spectrum) in the 100 to 350  cm-1 spectral range 
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Figure 6a Raman spectrum of brianyoungite (upper 
spectrum) in the 3500 to 3700  cm-1 spectral range and 
Figure 6b infrared spectrum of brianyoungite (lower 
spectrum) in the 2800 to 3800  cm-1 spectral range 
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Figure 7a Raman spectrum of brianyoungite (upper spectrum) in 
the 1400 to 1800  cm-1 spectral range and Figure 7b infrared 
spectrum of brianyoungite (lower spectrum) in the 1700 to 1850  
cm-1 spectral range 
 
 
 
 
 
 
 
